Attorney Docket MTI-31471 
MICRON 01-0161 
Inventor: Guy Perry 

BOND PAD STRUCTURE COMPRISING MULTIPLE BOND PADS 
WITH METAL OVERLAP 

FIELD OF THE INVENTION 

The present invention relates generally to fabrication of integrated circuit devices and, more 
particularly, to a bond pad construction and methods for forming and using the bond pad structure. 

BACKGROUND OF THE INVENTION 

Integrated circuits (IC) are typically tested before they are packaged to determine if they have 
any failing circuitry. A series of bond pads on the die, referred to as test bond pads, are used in 
testing a die. In general, one of the first steps in testing a die is to initiate a test mode in the die by 
applying control signals to the test bond pads. After the test is completed, a signal is sent to the test 
bond pads to short them out and disable them. 

In some constructions, the test bond pad is not disabled but is converted to an operational 
mode. However, in shorting a fuse or using a high voltage to disable a transistor to terminate the test 
mode, leakage problems can result. The separation of the test mode from the operational mode 
would help solve this problem. The separation would also protect operational devices from high 
voltages during testing. It would be desirable to provide such a structure in the form of two separate 
bond pads, one bond pad functional in a test mode and, when connected to the other bond pad, both 
functioning as a single pad in a operational mode. In fabricating such a bond pad structure, 
consideration must be given to the structuring of the two bond pads in conjunction with each other. 

SUMMARY OF THE INVENTION 

The present invention encompasses methods of forming bond pad structures in a 
semiconductor fabrication, bond pad structures formed from such methods, integrated circuit die 
incorporating the bond pad structure, and methods of utilizing the bond pad structures in testing and 
operating a semiconductor device. 
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In one aspect, the invention provides a bond pad structure in a semiconductor device, the 
bond pad structure comprising two bond pads within a bond pad opening. In an embodiment of the 
bond pad structure, each of the bond pads comprise stacked metal layers of an upper metal layer and 
at least one lower metal layer. The bond pads are structured such that the lower metal layer of one 
of the bond pads extends beneath the upper metal layer of the other of the bond pads. The bond pads 
can comprise multiple lower metal layers with one or more layers of one bond pad extending 
underneath the upper metal layer of the other bond pad. The metal layers are in essence, interwoven 
or staggered to protect the underlying substrate. The extension of a lower metal layer beneath an 
upper metal layer functions as an etch block to prevent etching of a dielectric (insulating) layer 
between the first and second bond pads down to the underlying substrate, which can occur during 
etching of the passivation layer to form the bond pad opening. 

The bond pad structure comprises a first metal layer deposited onto a substrate and patterned 
by dry etching to form two lower metal layers with a space thereinbetween; a dielectric layer 
deposited over the lower metal layers and the exposed substrate within the space and etched to form 
openings to each of the two lower metal layers; a second metal layer deposited over the dielectric 
layer and into the openings of the dielectric layer and etched to form two upper metal layers 
overlying the two lower metal layers, resulting in the two bond pads, each comprising stacked upper 
and lower metal layers. According to the invention, the lower metal layers are etched such that a 
lower metal layer of one of the bond pads extends underneath the upper metal layer of the other of 
the bond pads to form an interwoven layered structure. A passivation layer can be formed over the 
upper metal layers and etched to form a bond pad opening to expose the two bond pads. The 
staggering of a lower metal layer beneath an upper metal layer forms an etch block during etching of 
a passivation layer to protect the underlying substrate. The bond pads can be interconnected by a 
conductive material. 

The bond pads can function to supply data, retrieve data, test a device, and supply various 
voltages for testing or programming. An exemplary bond pad structure comprises a test mode bond 
pad not connected to and separate from an operational mode bond pad. When the test sequence is 
complete, the test mode of the test mode bond pad is disabled. The two pads are then connected 
during wire bonding, and the resulting joined bond pads function in an operational mode. The bond 
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pads can be interconnected, for example, by a solder material that is used in the connection of a wire 
bond to the surface of the bond pad structure. 

In an embodiment of the bond pad structure, the lower metal layer of the first bond pad (e.g., 
operational mode bond pad) can extend underneath the upper metal layer of the second bond pad 
5 (e.g., test mode bond pad). In another embodiment of the bond pad structure, the lower metal layer 
of the second bond pad (e.g., a test mode bond pad) can extend underneath the upper metal layer of 
the first bond pad (e.g., an operational mode bond pad). In yet another embodiment, each of the 
bond pads can comprise a plurality of lower metal layers whereby at least one of the lower metal 
layers of one of the bond pads extends underneath the upper metal layer of the other of the bond 
10 pads. 

In another aspect, the invention encompasses an integrated circuit die comprising the bond 
pad structure of the invention. 

In yet another aspect, the invention provides a method of forming a bond pad structure as 
described herein, comprising a first and second bond pad. In one embodiment, the method of the 
:J5 invention comprises the steps of: depositing a first metal layer onto a substrate; etching the first 
<% j metal layer to form first and second lower metal layers having a space thereinbetween; depositing a 
j: 1 j dielectric layer over the first and second lower metal layers and into said space thereinbetween; 
U1 etching the dielectric layer to form openings to each of the first and second lower metal layers; 
p depositing a second metal layer over the dielectric layer and into the openings of the dielectric layer; 
j<|0 and etching the second metal layer to form first and second upper metal layers having a space 
□ thereinbetween. The resulting bond pad structure comprises a first bond pad comprising the first 
\2 u PP er metal la y er overlying the first lower metal, and a second bond pad comprising the second 
upper metal layer overlying the second lower metal layer. 

The method can further comprise forming a passivation layer over the first and second upper 
25 metal layers and into the space thereinbetween; and etching the passivation layer to form an opening 
to expose the first and second upper metal layers of the bond pads. The lower metal layer of one 
bond pad extends underneath the upper layer of the other bond pad and functions to block the 
etching of a dielectric layer that is deposited over the lower metal layers and the underlying 
substrate, and to protect the substrate from damage, for example, during etching of the passivation 
30 layer to form the bond pad opening. The method can further comprise the steps of connecting a 
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bonding wire to one of the bond pads, and interconnecting the bond pads with a conductive material 
such as a solder material used in the attachment of the bonding wire. 

In yet another aspect of the invention, a method of testing and/or operating an integrated 
circuit using an integrated circuit die comprising a bond pad structure as described herein, is 
provided. An embodiment of a bond pad structure of an integrated circuit die for use in testing and 
operating circuitry, comprises a first bond pad which is a test mode bond pad that receives and 
responds to a test mode signal and, after the test sequence is complete and the first and a second 
bond pad of the bond pad structure are interconnected with a conductive material, the first and 
second bond pads function as a single unit to receive and respond to any signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with reference to the following 
accompanying drawings, which are for illustrative purposes only. Throughout the following views, 
the reference numerals will be used in the drawings, and the same reference numerals will be used 
throughout the several views and in the description to indicate same or like parts. 

FIGS. 1A-1D are diagrammatic cross-sectional views of a semiconductor wafer at 
subsequent and sequential processing steps, showing fabrication of a bond pad structure. 

FIGS. 2A-2I are diagrammatic cross-sectional views of a semiconductor wafer at subsequent 
and sequential processing steps, showing fabrication of a bond pad structure according to an 
embodiment of a method of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention will be described generally with reference to the drawings for the purpose of 
illustrating the present preferred embodiments only and not for purposes of limiting the same. The 
figures illustrate processing steps for use in the fabrication of semiconductor devices in accordance 
with the present invention. It should be readily apparent that the processing steps are only a portion 
of the entire fabrication process. 

In the current application, the terms "semiconductive wafer fragment" or "wafer fragment" 
or "wafer" will be understood to mean any construction comprising semiconductor material, 
including but not limited to bulk semiconductive materials such as a semiconductor wafer (either 
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alone or in assemblies comprising other materials thereon), and semiconductive material layers 
(either alone or in assemblies comprising other materials). The term "substrate" refers to any 
supporting structure including, but not limited to, the semiconductive wafer fragments or wafers 
described above. 

It is desirable to provide a set of bond pads comprising a first bond pad and a second adjacent 
bond pad that can function independently, or as a single unit upon being interconnected by a 
conductive material. The fabrication of such a bond pad structure is depicted in FIG. 1A. The 
illustration illustrates a design flaw in the bond pad structure that is overcome by the present 
invention, as will be described and illustrated with reference to FIGS. 2A-2L 

As shown in FIG. 1A, a semiconductor wafer fragment 10 is shown as comprising a 
substrate 12, which can comprise a semiconductor wafer substrate or the wafer along with various 
process layers formed thereon, including one or more semiconductor layers or other formations, and 
active or operable portions of semiconductor devices. The bond pad structure 40 comprises a first 
bond pad 28 and a second bond pad 30, each formed from two overlying stacks of metal, although 
additional layers of metal can be utilized. 

Referring to FIG. 1A, in fabricating the bond pad structure 40, a first metal layer 14 has been 
deposited onto the substrate 12 and patterned by dry etching resulting in a lower metal layer 16a of 
the first bond pad 28, and a lower metal layer 16b of the second bond pad 30, having a space 1 8 
thereinbetween. A dielectric layer 20 such as Si0 2 has been deposited over the lower metal layers 
16a, 16b and into the space 18 to electrically isolate the two lower metal layers 16a, 16b from each 
other, and to isolate the lower metal layers 16a, 16b from the upper metal layers 26a, 26b of the 
second metal layer 24. 

Referring now to FIG. IB, the dielectric layer 20 has been etched to provide vias or openings 
22 to allow electrical connection between the first and second metal layers 14, 24. A second metal 
layer 24 has been deposited over the dielectric layer 20 and into the openings 22a, 22b. 

As shown in FIG. 1C, the second metal layer 24 has been patterned by dry etching to form 
an upper metal layer 26a of the first bond pad 28 and an upper metal layer 26b of the second bond 
pad 30, which are separated by a space 32. In addition, a passivation layer 34 has been put down on 
the wafer surface to seal the device structures from contamination and moisture, and as a scratch 
protection layer. 
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In a conventional approach, as seen in FIG, ID, an opening 36 has been etched into the 
passivation layer 34 to expose the set of bond pads 28, 30, which form the bond pad structure 40. 

A disadvantage of the construction shown in FIG. ID, is that, due to the alignment of the 
upper and lower metal layers of the bond pads 28, 30, the dielectric material 20, between the two 
5 bond pads 28, 30 can be etched out during the passivation etch resulting in weak points or an 

opening 38 down to the substrate 12. This exposure of the substrate 12 can result in a short on the 
die and device failure. This problem is overcome by the present invention. 

An embodiment of the method of the present invention is illustrated with reference to 
FIGS. 2A-2I, in forming a set of bond pads similar to that described with reference to 
10 FIGS. 1A-1C. Referring to FIG. 2A, a semiconductor wafer fragment 10 5 is shown at a preliminary 
processing step. The wafer fragment 10' is shown as comprising a substrate 12', similar to wafer 
fragment 10 with various process layers formed thereon. 

As shown, a first metal layer 14' has been deposited onto the substrate 12'. Preferably, the 
• ^ first metal layer 14' is formed from aluminum, aluminum alloys, titanium tungsten (Ti:W) alloys, 

5 platinum, copper, refractory metal silicides or other metals or metal alloys. The first metal layer 14' 

TU , 

y can be deposited, for example, by CVD or other method known and used in the art. The first metal 
>Q layer 14' is in electrical contact with active areas in the substrate 12'. Each pad 28', 30' is 
i.n connected to its own set of devices, which are combined after bonding of the pads 28', 30'. 

□ According to the invention, the first metal layer 1 4' is masked and patterned by dry etching 
gO to form a lower metal layer 16a' of the first bond pad 28', and a lower metal layer 16b' of the second 

□ bond pad 30', having a space 18' thereinbetween, as illustrated in FIG. 2B. The patterning of the 
p first metal layer 14' is such that a lower metal layer of one of the bond pads extends beneath the 

upper metal layer of the other bond pad. As depicted, the first metal layer 14' has been patterned 
and etched such that the lower metal layer 16b' of the second bond pad 30' will extend underneath 
25 the subsequently formed upper metal layer 26a' of the first bond pad 28'. 

As shown in FIG. 2C, a dielectric layer 20' such as Si0 2 is then deposited over the first 
metal layer 14' and into the space 18' to electrically isolate the two lower metal layers 16a', 16b', 
and to isolate the first metal layer 14' from the subsequently deposited second metal layer 24'. 

With reference to FIG. 2D, the dielectric layer 20' is selectively etched to provide openings 
30 or vias 22a', 22b' to expose each of the first and second metal portions 16a', 16b' of the first metal 
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layer 14'. The openings 22a', 22b' can be formed by conventional masking and silicon etching 
techniques including, for example, photolithographic and plasma etching processes. The etched 
opening 22b' to the lower metal layer 16b' is depicted as being larger in diameter than the opening 
22b'. With the formation of a larger diameter opening 22b' for the second bond pad 30', the metal 
portion that is subsequently deposited into the opening 22b' is wider in diameter than the metal 
portion within the opening 22a'. The etched openings 22a\ 22b' can be any proportion to each other 
to suit the particular need, including equal in diameter. 

As shown in FIG. 2E, a second metal layer 24' is then deposited into the openings 22a', 22b' 
and as a layer over the insulative dielectric layer 20'. The second metal layer 24' can comprise the 
same or different metal as the first metal layer 14', being aluminum in the illustrated example. 
Preferably, the second metal layer 24' is thicker than the first metal layer 14' in order to reduce 
resistance in the second metal layer 24'. 

Referring to FIG. 2F, the second metal layer 24' is then patterned and dry etched to form an 
upper metal layer 26a' of the first bond pad 28' and an upper metal layer 26b' of the second bond 
pad 30', which are separated by a space 32' thereinbetween. The upper metal layers 26a', 26b' of 
the first and second bond pads 28', 30' are depicted as generally comprising about the same relative 
area, but can be any proportion to each as desired. 

As depicted, the lower metal layer 16b' of the second bond pad 30' extends underneath the 
upper metal layer 26a' of the first bond pad 28' to provide an interwoven or staggered layered 
structure. In another embodiment depicted in FIG. 2F(a), the lower metal layer 16a' of the first 
bond pad 28' can be patterned and etched to extend beneath the upper metal layer 26b' of the second 
bond pad 30'. The bond pads 28', 30' can also comprise additional stacked metal layers (e.g., lower 
metal layers 16ai\ 16a 2 \ 16bi', 16b 2 ') that can be formed to provide a staggered construction, as 
illustrated in FIGS. 2F(b) and 2F(c). 

As FIG. 2G illustrates, a protective passivation layer 34' is then formed over the 
semiconductor wafer 10'. The passivation layer 34', such as CVD PSG or plasma-enhanced CVD 
silicon nitride, is put down on the wafer surface to seal the device structures from contamination and 
moisture, and as a scratch protection layer. The passivation layer 34' can also be fabricated, for 
example, from polyimide, acrylate, epoxy potting compound, acrylic, silicone, polyurethane or other 
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resin, among other protective coating materials, using conventional methods in the art including spin 
coating, spraying, flow coating, brush coating, among other application techniques. 

Referring now to FIG. 2H, the passivation layer 34' is then masked and etched by 
conventional photolithography methods to form a bond pad opening 36' to expose the upper metal 
layers 26a', 26b' of each of the first bond pad 28' and the second bond pad 30'. The exposed bond 
pads 28', 30' are typically about 100 by 100 yon in size and separated by a space 32', for example, of 
about 0.5 jam, or other minimum space or distance allowable for the metal that is utilized. 

As with the bond pad structure 40 described with reference to FIGS. 1A-1C, etching of the 
passivation layer 34' also results in an opening 36' being formed through the dielectric layer 20' 
between the first and second bond pads 28', 30'. However, advantageously, the offsetting of the 
lower metal layer 16b' of the second bond pad 30' to extend underneath the upper metal layer 26a' 
of the first bond pad 28', serves as an etch block during the passivation layer etch, thereby 
preventing the insulation layer 20' between the two bond pads from being etched down to the 
substrate 12'. 

Referring now to FIG. 21, a bonding wire 42' can then be connected (bonded) to the metal of 
each of the bond pads and then to the chip package (not shown). In this way, electrical connections 
are established from the combined pads to an external electrical connection (i.e., the package leads) 
or to establish an internal-only operational function. During the bonding step, a conductive material 
44' such as a solder material attaching the wire 42' to the bond pads can be flowed across the surface 
of the first and second bond pads 28', 30' and into the space 38' to connect the two bond pads. The 
bonding wire 42' is not required in all applications, in which case a conductive material (e.g., solder) 
can be applied to join the pads together. 

The bond pad structure 40' is useful in numerous applications including enable operations, 
supplying and/or retrieving data, powering, grounding, testing circuitry, among other functions. For 
example, methods of testing an integrated circuit using a test enable bond pad are generally 
described, for example, in U.S. Patent Nos. 6,240,535 and 5,796,746 (Farnworth et al., to Micron 
Technology, Inc.). The integrated circuit (IC) module (not shown) generally includes a terminal 
receiving a test mode signal, and an IC die having a function circuit and a bond pad. A switching 
device such as a fuse that is blown or a transistor that is deactivated once testing is complete, is 
connected with the test mode bond pad between the terminal and the function circuit to conduct the 
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test mode signal to the function circuit. The test mode bond pad is connected to the function circuit 
and enables a test mode in an I.C. die. An impedance device such as a resistor or anti-fuse, 
connected between the function circuit and an operational mode signal, supports a difference in 
voltages between the test mode signal at the function circuit and the operation mode signal. Briefly, 
5 a supply voltage is applied to the test mode bond pad, and the function circuit responds to the test 
mode signal by initiating a test mode in the die to test the circuitry thereon. Once testing of the die is 
complete, a voltage is applied to disable the test mode, and the impedance device then conducts the 
operation mode signal to the function circuit. The function circuit responds to the operational mode 
signal by entering an operational mode in the die in which the die operates in accordance with its 
10 intended normal function. Such a set-up allows dice packaged in IC modules to be tested after 

packaging. A drawback of the described set-up is that in blowing the fuses or using a high voltage to 
disable the transistor, leakage problems can result. 

In an exemplary bond pad structure according to the invention for use in testing and 
operating circuitry, the first bond pad 28' can comprise an operational mode bond pad that functions 
|j35 in an operational mode. The second bond pad 30' can comprise a test mode bond pad that functions 
y initially in a test mode for testing of circuitry and subsequently, upon completion of the circuit 

;ii K; 

I: j testing and its connection to the first bond pad 28', in an operational mode as a single unit with the 

first bond pad 28'. The connection between the first and second bond pads 28', 30' can be 
H performed by applying a conductive material 44' (e.g., solder) over at least a portion of each of the 
j|o bond pads 28', 30' to form an extension between the two pads. It is understood that the first bond 
□ pad can be a test mode bond pad and the second bond pad can be an operational mode bond pad. 
il Such a structure is useful for testing an integrated circuit, and functioning in an operational mode 
once the individual bond pads are connected. The separation of the first and the second bond pads 
28', 30' avoids leakage problems that can be caused by high voltage that is applied when the fuse or 
25 antifuse is blown at the end of a test operation. 

In compliance with the statute, the invention has been described in language more or less 
specific as to structural and methodical features. It is to be understood, however, that the invention 
is not limited to the specific features shown and described, since the means herein disclosed 
comprise preferred forms of putting the invention into effect. The invention is, therefore, claimed in 
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any of its forms or modifications within the proper scope of the appended claims appropriately 
interpreted in accordance with the doctrine of equivalents. 
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